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A stent having a series of circumfeitntially disposed serpentine elements linked to each another by bridging members that are

connected to the serpentine elements at juncture points located along straight linking segments between adjoining apexes of the serpentine

elements. The bridging elements are shaped such that during expansion of the stent, any longitudinal contraction experienced by the

serpentine element is compensated for by the deformation of the bridging elements such that die overall lengdi of the stent is maintained

as substantially constant.
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IMPROVED STENT CONFIGURATION

BACKGROUND OF THE INVENTION

The present invention generally relates to intravascular stents and more

particularly pertains to improvements thereto that provide for enhanced longitudinal

flexibility, increased longitudinal stability upon radial expansion, and high strength.

Stents or expandable grafts are implanted in a variety ofbody lumens in an

5 effort to maintain the patency of the lumens. These devices typically are implanted

intraluminally by use of a catheter which is inserted at an easily accessible location

and then is advanced to the deployment site. The stent initially is in a radially

compressed or collapsed state to enable it to be maneuvered through the lumen.

Once in position, the stent is deployed which, depending upon its configuration, is

1 0 achieved either automatically or actively by, for example, the inflation of a balloon

about which the stent is carried on the catheter.

As stents normally are employed to hold open an otherwise blocked,

constricted or occluded lumen, a stent must exhibit sufficient radial or hoop strength

in its expanded state to effectively counter the anticipated forces. Not only is it

1 5 advantageous to distribute such loads over as much of the stent as possible but also

it is most beneficial to distribute the load over as much of the lumen wall as is

possible. As a consequence, it is desirable to maximize the coverage area of the

stent in its expanded state. Simultaneously, however, it is necessary for the stent to

be as small and compact as possible in its collapsed state in order to facilitate its

20 advancement through the lumen. As a result, it is most advantageous for a stent to

have as large as an expansion ratio as possible.

An additional consideration with stent design is the longitudinal flexibility of

the device. Longitudinal flexibility is important not only in maneuvering the stent

into position, which may require the traversal of substantial convolutions of the

25 vasculature, but also to better conform the device to any curvature of the vasculature
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at the deployment site. At the same time, however, it is necessary for the stent to

nonetheless exhibit sufficient radial strength to provide the necessary support for the

lumen walls upon deployment.

Another problem inherent in many prior art stent configurations is the

5 longitudinal contraction that the stent structure typically undergoes as it is radially

expanded. This longitudinal contraction not only reduces the effective length of the

stent in its deployed state but also may cause abrasion trauma to be inflicted on the

vessel walls during expansion.

A number of very different approaches previously have been devised in

10 efforts to address these various requirements. A popular approach calls for the stent

to be constructed wholly of wire. The wire is bent, woven and/or coiled to define a

generally cylindrical structure in a configuration that has the ability to undergo

radial expansion. Using wire to configure a stent has a number of disadvantages

including, for example, the substantially constant cross-section of wire which may

1 5 cause greater than or lesser than an ideal amount of material to be concentrated at

certain locations along the stent. Additionally, wire only can be formed into a

limited number of shapes and this therefore, limits the expansion ratio, coverage

area, flexibility and strength that ultimately can be attained with a wire device.

As an alternative to wire-based structures, stents have been constructed fi^m

20 tube stock. By selectively removing material from tubular starting material, a

desired degree of flexibility and expandability can be imparted to the structure.

Chemical etching techniques as well as laser-cutting processes are used to remove

material torn the mbe. Laser cutting provides for a high degree of precision and

accuracy with which very well-defined patterns of material can be removed fi-om the

25 tube leaving behind very precise and accurately defined patterns of material. The

performance of tube-based stents very much is a function of the pattern of material

which remains. The selection of a particular pattern has a profound effect on the

coverage area, expansion ratio and strength of the resulting stent as well as on the
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longitudinal flexibility and longitudinal dimensional stability of the stent during

expansion.

While the tube-based stents offer many advantages over the wire-based

designs, it nonetheless is desirable to improve upon such designs in an effort to

further enhance longitudinal flexibility and longitudinal dimensional stability during

radial expansion without the sacrificing radial hoop strength of the deployed device.

SUMMARY OF THE INVENTION

The present invention provides for an improved tube-based stent having

enhanced longitudinal flexibility and longitudinal dimensional stability during radial

expansion while exhibiting adequate hoop strength upon deployment. The

improvements derive from the selection of a precisely defined pattern of voids that

are cut or etched into tube stock which is used to form the stent. After etching or

cutting, the pattern of material that remains to define the stent comprises a series of

generally parallel serpentine elements, wherein such elements are interconnected to

each another by advantageously shaped and positioned bridging members. More

particularly, each serpentine element extends circumferentially about the stent such

that successive apexes of each element alternatively extend distally and proximally

along the stent's surface. The serpentine elements are successively spaced along the

length of the stent and are oriented such that the pattern of apexes of each element is

180" out ofphase relative to the pattern of apexes of each directly adjacent element.

Each of the serpentine elements are joined to an adjacent element by at least one

bridging member. The number, length and flexibility of the bridging members

determines the longitudinal flexibihty of the resulting device in its collapsed as well

as in its deployed state. The attachment of the bridging members to juncture points

along the linking segments extending between the apexes causes the bridging

members to distort during deployment. By matching the dimensional change
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imparted to the length of the stent caused by the expansion of each serpentine

element to the dimensional change along the same direction caused by the rotation

and distortion of the bridging element, the overall length of the stent is held constant

during deployment. Additionally, the spacing of the juncture points away from the

5 apexes distributes the stress that otherwise would be concentrated at the apexes

during expansion of the device.

These and other features and advantages of the present invention will become

apparent from the following detailed description of preferred embodiments which,

when taken in conjunction with the accompanying drawings, illustrate by way of

1 0 example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE I is a flattened, plan view of a section of an embodiment of a stent

according to the present invention in its collapsed state.

FIG. 2 is a flattened plan view of a section of an alternative embodiment of

1 5 a stent according to the present invention in its collapsed state,

FIG. 3 is flattened plan view of a section of another alternative embodiment

of a stent according to the present invention in its collapsed state.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Embodiments of the present invention provide improved structural

configurations for stents that serve to enhance the performance of the devices.

Stents are introduced into the body and then advanced through the vasculature to be

expanded at a deployment site in an effort to maintain the patency of the vessel at
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such location. A stent according to the present invention offers a high degree of

longitudinal flexibility prior to and upon deployment and then overall length

remains substantially constant during deployment so as to avoid traumatization of

the vessel tissue during deployment. Moreover, the deployed stent provides

5 sufficient radial hoop strength to enable it to withstand the loads imposed by the

vessel it is intended to support.

The figures generally illustrate the invention and, more particularly, show

three preferred embodiments thereof The stents are shown in their pre-expanded or

collapsed state. In each of the figures, the stent is shown in a longitudinally split

10 and flattened condition in order to enhance clarity and to aid in the understanding of

the stent structure.

FIG, 1 illustrates one of the preferred embodiments of the present invention.

As indicated above, the stent 12 is shown in a longitudinally parted and flattened

condition. In actuality, points 14a-k are joined to points 16a-k, respectively, to

1 5 define a tubular structure. The stent consists ofa plurality of serpentine elements 1

8

extending about the circumference of the stent. Each serpentine element has

proximally-extending apexes 20 and distally-extending apexes 22 altematingly

arranged along its length. A plurality of such elements are assembled in parallel

along the length of the stent wherein adjacent serpentine elements are arranged such

20 that the respective patterns of apexes are 180** out of phase. Consequently, apexes

of adjacent serpentine elements altematingly face in a direction 24 towards each

another and face away in a direction 26 fi-om each another. Adjacent serpentine

elements are joined to one another by bridging members 28. In the embodiment

shown, a maximum number of bridging members, namely eight, are employed to

25 join adjacent serpentine elements, A reduced number ofsuch bridging members

may be employed in order to increase the longitudinal flexibility of the stent, which

is achieved primarily by fi-eeing up the serpentine elements 18 upon removing some

of the bridging members 28. In other words, if a bridging member is omitted, the
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corresponding serpentine element is unsupported and unconstrained at the point of

omission and therefore can expand and move more easily, which in turn results in

greater longitudinal flexibility of the stent

The bridging members 28 of the present invention are each joined to adjacent

5 serpentine elements at juncture points 30 positioned along the straight linking

segments 32 extending between the apexes. Such points are positioned not only to

avoid the highly stressed apex area but also are spaced apart fh)m the centerline 34

of each serpentine element More particularly, each bridging member is joined to

the linking segment on the side of the centerline closest to the serpentine element

1 0 being bridged by the bridging member. The bridging members are shaped such that

the change in separation of the ends of each bridging member that is caused by the

rotation and repositioning of the ends during deployment is offset by the change in

length of each bridging member resulting from deformation, such that a constant

overall stent length is maintained. Additionally, the inclusion of a curved portion 36

1 5 near the center of each bridging member allows the bridging member to expand

during stent expansion, which serves to enhance the flexibility of each bridging

member and hence the flexibility of the stent.

During the deployment of the stent, i.e., expansion, of the stent for example,

by the inflation of a balloon positioned within the interior of the stent, each of the

20 serpentine elements 1 8 stretches to accommodate the increase in circumference.

This stretching is achieved when the apexes 20, 22 bend, as a result ofwhich, and in

contrast to the 1 80° curves shown in FIG. 1 , each apex assumes a curvature of

something less than 180*, the actual magnitude of the curvature being dictated by

the extent to which the stent has been expanded. As each apex bends, the linking

25 portions 32 between apexes are caused to rotate, which forces the juncture points 30

to shift towards the centerline 34 of the serpentine elements. The distortion of the

bridging members 28 which results, namely, the opening up of the curved portion

36, results in a slight lengthening of the bridging member. This lengthening
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precisely compensates for the increase in the spacing of opposed juncture points

which results from the distortion each serpentine element undergoes as it becomes

stretched. As a result, the overall length of the stent remains substantially

.

unchanged as the stent undergoes expansion. A shifting of the stent relative to the

5 surrounding vessel walls thereby is avoided, so that trauma is not inflicted upon the

surrounding vessel tissue. Additionally, because each juncture point is spaced away

from its corresponding apex, stresses are distributed more independently during

deployment Moving the puncture point away from the apex probably does not

reduce the stress in and of itself. What this positioning of the puncture point likely

10 does do is to make the stresses of the apex more independent of those at the

juncture. These stresses then can be manipulated more independently to reduce

them individually as needed. Consequently, the stresses associated with the bending

of the apex region and the stresses associated with the transfer of forces from the

serpentine elements to the bridging members are separated from one another. By

1 5 avoiding the concentration of stress, the stent is less prone to failure post-

deployment.

FIG. 2 illustrates an alternative embodiment of a stent according to the

invention. The tubular stent 40 again is shown in the parted and flattened state

described above wherein all of the serpentine elements terminating along the edge

20 42 are shown severed from the serpentine elements terminating along the edge 44.

Circumferentially-extending serpentine elements 46 are arranged in parallel along

the length of the stent. Each serpentine element has a series of proximal apexes 48

and distal apexes 50 altematingly extending along the surface of the stent, wherein

each of the apexes are similarly shaped and dimensioned. Adjacent serpentine

25 elements are arranged such that the respective patterns of apexes are 180° out of

phase. The apexes of adjacent serpentine elements therefore altematingly face

towards each another and away from each another. The configuration and the

juncture points 52 of the bridging members 54 render this particular embodiment
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distinguishable from the embodiment illustrated in FIG. 1. More particularly, in

FIG. 2, while each bridging member is joined to a linking segment 56 at a point that

is set apart from the apex and from the centerline 58, such juncture point is located

on the side of the centerline that faces away from the serpentine element to which

5 the bridging member interconnects. Consequently,' the juncture points in this

particular embodiment are set much further apart from each another than are the

juncture points in the embodiment shown in FIG, 1 . Thereby, it is possible to

accommodate a longer, bridging element in the stent configuration.

Each of the bridging members 54 includes a zig-zagging portion 60 near to

1 0 the center thereof center which not only provides enhanced length, but also provides

a configuration that will deform in a manner that will compensate for the shift in

position that juncture point undergoes during expansion. The total number of

bridging members may be reduced from the eight shown which will result in some

distal apexes 50 being freed up and proximal apexes 48 which enhance the

1 5 longitudinal flexibility of the stent both prior to and after deployment. As stated

above, by removing a bridging member, corresponding serpentine elements are

unsupported thereby primarily providing the increased flexibility in the stent.

During deployment, the stent 40 performs similariy to the embodiment

shown in FIG. 1, in that each serpentine element 46 stretches via the bending of its

20 apexes 48, 50. As the stent expands and the linking segments 56 rotate, each of the

juncture point 52 pairs are brought closer together. The forces inherent in such

repositioning cause the bridging members 54 and, more particularly the zig-zag

portion 60 of each bridging member, to deform and to elongate so as to maintain a

substantially constant overall length of the stent.

25 FIG. 3 illustrates yet another embodiment of the present invention.

Circumferentially-extending serpentine elements 72 are again employed, but these

elements differ from those shown in Figs. 1 and 2 insofar as the patterns defined

along the distal and proximal edges of each serpentine element are irregular. In the
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embodiment shown, two sets of two maximally-extended apexes 74 are separated by

a single minimally extending apex 76, both on the proximal as well as distal edges

of the serpentine element. Adjacent serpentine elements are again 180" out of

phase and are spaced such that the maximally extending apexes of adjacent

5 serpentine elements preferably abut each another but do not necessarily have to

abut. Each bridging member 78 is attached to a serpentine element at juncture

points 80 that are located along the straight linking segment 82 and on the side of

the centerline 84 closest to the serpentine segment that is bridged by the bridging

member.

10 During deployment, the serpentine elements 72 stretch, which causes the

juncture points 80 to shift towards the centerline 84 and away from each other. The

bridging members 78 straighten, thereby increasing in length to compensate for the

dimensional change caused by the shifting of the juncture points. The overall length

of the stent 70 thereby substantially remains constant at all times.

1 5 The stents of the present invention preferably are formed using laser cutting

techniques well known in the art and as disclosed in co-pending U.S. Serial No.

08/783,565. The material used in the manufacture of such stents may be a nickel

titanium alloy (NiTi), stainless steel , tantalum, Pt/Ir, etc. After the appropriate

shapes have been cut into the tube stock by the laser, the workpiece may be

20 subjected to an electropolishing operation to provide a smoothly finished device.

While a particular form of the invention has been illustrated and described, it

will also be apparent to those skilled in the art that various modifications can be

made without departing from the spirit and scope of the invention. Accordingly, it

is not intended that the invention be limited except by the appended claims.
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1 . Ab expandable stent, comprising:

a series of circumferentially disposed seqjentine elements/each such

element including a series of apexes altematingly extending proximally and distally

relative to a circumferentially extending centerline defined by each said element,

5 successive apexes being joined by substantially straight linking segments, said

serpentine elements being arranged along said stent such that each series of apexes

is 180° out ofphase relative to the series of apexes of adjacent serpentine elements;

and

bridging members interconnecting adjacent serpentine element,

1 0 wherein each end of a bridging member is joined to a serpentine element at a

juncture point located along said linking segment and offset from said centerline.

2. The stent of claim 1 , wherein the bridging members are shaped to

deform in such a way so as to compensate for any change in distance between

juncmre points interconnected by such bridging members which results from an

expansion of the stent, in order to maintain the overall length of the stent

substantially constant.

3. the stent of claim 1 , wherein the juncture points of each bridging

member are located between the centerlines of the two serpentine elements

interconnected by the bridging member.
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4. The stent of claim 3, wherein each bridging member is shaped to

increase in overall length during expansion of the stent in order to compensate for

the increased separation of the juncture points.

5. The stent of claim 4, wherein each bridging member includes a U-

shape.

6. The stent of claim 1, wherein the centerlines of two serpentine

elements joined by a bridging member are located bet\veen the two juncture points

of the bridging member.

7. The stent of claim 6, wherein the bridging element is shaped to

decrease in overall length during expansion of the stent in order to compensate for

the decreased separation of the juncture points.

8. The stent of claim 7, wherein the bridging member includes an S-

shape.

9. The stent of claim 1 , wherein some of the bridging elements have

been removed to improve flexibility.
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